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Geoffrey House (B-10)

Understanding the diversity of 
bacterial and fungal interactions



Soil is alive!



Bacteria and fungi are important to ecosystems

Trees

Fungi

Bacteria

Tedersoo et al. 2014



Bacteria and fungi can work together

Simon et al. 2015

with Rhizopus sp., mycelium from a growing culture was mechani-
cally sheared by pipetting and subjected to gradient centrifugation.
After each centrifugation step, aliquots of the supernatant were
plated onto nutrient agar plates and incubated. With this procedure,
we obtained single colonies of a very slow growing bacterial isolate.
PCR andmicroscopic analyses revealed the presence of a pure culture
of rod-shaped motile bacteria. 16S rDNA analyses using bacterial
genomic DNA proved the identity of the isolate with the associated
bacterial strain. Furthermore, amplified KS gene fragments from the
bacterial genome were identical with those obtained from the fungal
metagenome. For fermentation of the isolate, a variety of cultivation
conditions were tested and the fermentation broths were extracted
and analysed. Strikingly, the Burkholderia strain produces rhizoxin
even in pure culture, as shown by HPLC and MS (Fig. 4, and
Supplementary Information). Besides rhizoxin, the symbiont also
produces several rhizoxin derivatives (for example, 2,3-deoxy-
rhizoxin, seco-2,3-deoxyrhizoxin, and nor-2,3-deoxyrhizoxin) that
have previously been isolated from the fungus6. We also noticed that
the isolated symbiont loses the ability to produce rhizoxin in pure
culture over time, which may be due to genomic instability or
downregulation of biosynthesis genes. However, we observed stable
rhizoxin production after re-introduction of the symbiont into the
symbiont-free Rhizopus strain, which is in full accord with Koch’s
postulates (Fig. 3 and Supplementary Information). It is likely that
chemical signals in the fungal–bacterial association trigger and/or
maintain rhizoxin biosynthesis in the state of symbiosis.
In many cases, it has been suspected that natural products isolated

from various eukaryotes—for example, tunicates, sponges or
insects—are biosynthesized by associated bacterial symbionts and
that the animals are not the true producers of the natural product19.

Only recently, Piel and co-workers demonstrated the existence of
symbiotic secondary metabolite producers in Paederus beetles and in
the sponge Theonella swinhoei by striking genomic evidence20,21. Our
work provides direct evidence for the endosymbiont hypothesis by
generating a symbiont-free Rhizopus strain, as well as the isolation
and re-introduction of the associated Burkholderia strain. Related
species belonging to the genus Burkholderia are known for their

Figure 3 | Laser microscopic investigation of fungal mycelium. a, Bacterial
endosymbionts in the cytoplasm of R. microsporus ATCC 62417;
b, symbiont-freeR.microsporusATCC 62417; c,R.microsporusATCC 62417
after reinfection. Mycelium was stained with SYTOw 9 from the Live/Dead
BacLight Bacterial Viability Kit (Molecular Probes – L7007) and observed

using a Zeiss LSM 510Meta LaserMicroscope at 480/500 nm (top row: white
light and fluorescence mode; bottom row: fluorescence mode only). Green
fluorescence indicates that bacteria are alive. Scale bars are shown red for
clarity.

Figure 4 | HPLC profiles of culture extracts monitored at 310 nm for the
detection of rhizoxin. a, Rhizoxin reference (12.5mg l21); b, R. microsporus
ATCC 62417; c, symbiont-free R. microsporus ATCC 62417 (treated with
ciprofloxacin); d, Burkholderia sp. isolated from R. microsporus ATCC
62417. The rhizoxin peak is marked with ‘1’, asterisks indicate peaks due to
rhizoxin derivatives. mAU, milli absorbance units.
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Partida-Martinez and Hertweck 2005

… or as bacterial ‘subways’
Fungi can act as bacterial ‘highways’…



How do bacteria and fungi work together?

• “Who” interacts?
• Screening fungal cultures
• Mining fungal genome data

• What makes these interactions 
operate?
• What does this mean for 

ecosystems?
• Affecting plant growth
• Altering nutrient flows
• Changing soil stability
Ultimately helping to shape 
landscapes


